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Abstract 

Introduction: Economic evaluations of interventions in the hospital setting often rely on the estimated long-term 
impact on patient survival. Estimates of mortality rates and long-term outcomes among patients discharged alive 
from the intensive care unit (ICU) are lacking from lower- and middle-income countries. This study aimed to assess 
the long-term survival and life expectancy (LE) amongst post-ICU patients in Thailand, a middle-income country. 

Methods: In this retrospective cohort study, data from a regional tertiary hospital in northeast Thailand and the 
regional death registry were linked and used to assess patient survival time after ICU discharge. Adult ICU patients 
aged at least 15 years who had been discharged alive from an ICU between 1 January 2004 and 31 December 2005 
were included in the study, and the death registry was used to determine deaths occurring in this cohort up to 
31 st December 2010. These data were used in conjunction with standard mortality life tables to estimate annual 
mortality and life expectancy. 

Results: This analysis included 10,321 ICU patients. During ICU admission, 3,251 patients (31.5%) died. Of 7,070 
patients discharged alive, 2,527 (35.7%) were known to have died within the five-year follow-up period, a mortality 
rate 2.5 times higher than that in the Thai general population (age and sex matched). The mean LE was estimated 
as 18.3 years compared with 25.2 years in the general population. 

Conclusions: Post-ICU patients experienced much higher rates of mortality than members of the general 
population over the five-year follow-up period, particularly in the first year after discharge. Further work assessing 
Health Related Quality of Life (HRQOL) in both post-ICU patients and in the general population in developing 
countries is needed. 



Introduction 

Hospital mortality amongst intensive care unit (ICU) pa- 
tients is high throughout the world, typically ranging 
from 14 to 44% [1-6]; in Thailand the reported range is 
between 24 and 40% [5-7]. Interventions to improve the 
quality of ICU care have the potential to reduce this 
mortality. Examples of such interventions include devel- 
opment of clinical guidelines [8,9], improvements to in- 
fection control practices [10], and appropriate use of 
medical devices [11]. 
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There is growing interest not just in the effectiveness 
of such interventions at reducing mortality, but in their 
cost-effectiveness, and formal economic evaluation is in- 
creasingly used to aid decisions about allocation of 
scarce health care resources in these settings [12]. Such 
analyses consider both costs of the interventions and the 
associated health benefits. Outcomes such as the num- 
ber of life years (LYs) or quality adjusted life years 
(QALYs) gained or disability adjusted life years (DALYs) 
averted are commonly used to represent the benefit of 
particular interventions. However, to estimate the change 
in LYs caused by preventing a single ICU death, estimates 
of post-ICU survival are needed. A number of studies have 
assessed long-term survival (defined as survival for at least 
one year post-ICU discharge) [2,13-29]. All but one of 
these studies were conducted in high-income countries 
and high quality data are lacking from lower and middle 
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income countries [26]. The aim of this study was to quan- 
tify the long-term survival of post-ICU patients in Thailand 
and to estimate life expectancy (LE) in this population. 

Materials and methods 

Setting and facilities 

Sappasithiprasong Hospital is a 1,100-bed tertiary refer- 
ral hospital located in rural northeast Thailand. In 2004 
and 2005 it had a catchment of 1.8 million people, 
predominantly rice farmers and their families. Universal 
health coverage has been operating in Thailand since 
2002, ensuring access to this hospital for the entire 
population in the catchment area [30]. In 2004, 
Sappasithiprasong Hospital had 36 general wards and 16 
ICUs (4 pediatric and 12 adult), representing 6 ICU beds 
per 100,000 people. These wards provided care for critic- 
ally ill patients and patients recovering from major 
surgery. Adult ICUs comprised four medical ICUs 
(including one respiratory ICU), two surgical ICUs, two 
neurosurgical ICUs, one trauma ICU, two coronary care 
units, and one cardiovascular and thoracic ICU. ICUs 
contained a median of 8 beds (range 8 to 16) and the 
mean nurse-to-patient ratio was 1:1.5 (including both 
registered nurses and practical nurses). All of these ICUs 
could be defined as Level II open ICUs according to the 
guidelines from the American College of Critical Care 
Medicine [31] since there were no intensivists accredited 
by the Royal College of Physicians of Thailand working 
at Sappasithiprasong Hospital in 2004. Further details 
about the ICUs in this hospital have been described else- 
where [32]. 



Data 

Retrospective patient-level data from January 2004 to 
December 2005 were obtained from Sappasithiprasong 
Hospital. Adult patients, aged at least 15 years, who had 
been admitted to an adult ICU and discharged alive 
from the ICU between 1 January 2004 and 31 December 
2005 were included in this retrospective cohort analysis. 
For patients who were subsequently readmitted to an 
ICU during this period, only the time since the end of 
the first ICU episode was considered. The regional death 
registry for northeast Thailand from 2004 to 2010 was 
obtained from the Thai Ministry of Public Health and 
linked to the patient data using the national identification 
number (ID). We verified the validity of each patients ID 
number using the checksum digit and cross-checked the 
name and date of birth between hospital data and the 
regional death registry to validate the data. 

Use of these data was approved by ethical committees 
from 1) the Faculty of Tropical Medicine, Mahidol 
University, 2) Sappasithiprasong Hospital, Ubon Ratchatani, 
and 3) the Ministry of Public Health, Thailand [33]. No 
patient consent was required as this study was retrospect- 
ive and did not use patient identifiable data. 

Patients with a recorded date of death during the ICU 
admission period were classified as ICU deaths. It is not 
uncommon practice in Thailand and other Southeast 
Asian countries to discharge moribund patients to die at 
home [33]. We, therefore, also classified deaths occur- 
ring within two days of ICU discharge as ICU deaths. 
Survival time for discharged patients was assessed for 
five years after hospital discharge. Patients were assumed 



11,985 patients (100%) 
admitted to ICU during 
year 2004-2005 



10,321 patients (86.1%) 
included in this analysis 



7,070 patients 

(100% of included cohort) 

discharged alive from ICU 



4,543 patients (64.26%) 
alive after 5-years 
post-ICU discharge 



1,664 patients (13.9%) 
not eligible 



5 of 11,985 were missing ID (0.04%) 
1,659 of 11,985 were non-Thai patients or had an invalid ID (13.84%) 



3,251 ICU deaths (31.5% 
of all eligible patients) 



3,098 of 10,321 died in ICU (30.0%) 

37 of 10,321 died on the first day post-discharge (0.4%) 
116 of 10,321 died on the second day post-discharge 
(1.1%) 



2,527 patients (35.7%) 
died within 5 years 
post-ICU discharge 



241 of 2,527 died within 7 days (9.5%) 
540 of 2,527 died within 30 days (21.4%) 
896 of 2,527 died within 3 months (35.5%) 
1,162 of 2,527 died within 6 months (46.0%) 

Figure 1 Patient flow from intensive care unit admission to discharge and until five-year follow-up. 
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Table 1 Demographic data for ICU patients 

Patients dying 
in the ICU 1 



Table 1 Demographic data for ICU patients (Continued) 



N = 3,251 



Patients 
discharged 
alive from 
the ICU 

N = 7,070 



Age (Med [IQR]) 

Age group (number of patients) 
15 to 29 
30 to 44 
45 to 59 
60 to 74 
>75 

Length of hospital stay 
(Med [IQR]) 
Sex (% female) 
ICD10 (Jop five, by %) 
Circulatory system (I00 to I99) 

- Cerebrovascular diseases 
(I60 to I69) 

- Other forms of heart disease 
(I30 to I52) 

- Ischemic heart diseases 
(I20 to I25) 

- Chronic rheumatic heart diseases 
(I05 to I09) 

Injury, poison and other external 
causes (S00 to T98) 

- Injury (S00 to T14) 

- Poisoning and certain other 
consequences of external causes 
(T15 toT98) 

Digestive system (K00 to K93) 

- Other diseases of the digestive 
system (K90 to K93) 

- Diseases of oesophagus, stomach 
and duodenum (K20 to K31) 

- Disorders of gallbladder, biliary 
tract and pancreas (K80 to K87) 

Respiratory system (J00 to J99) 

- Influenza and pneumonia 
(J09 to J 18) 

- Chronic lower respiratory diseases 
(J40 to J47) 

- Suppurative and necrotic 
conditions of lower respiratory 
tract (J85 to J86) 

Neoplasms (COO to D48) 

- Malignant neoplasms 
(COO to C99) 

- Neoplasms of uncertain or 
unknown behaviour (D37 to D48) 



57.6 [42.6, 71.1] 54.5 [38.2, 67.8 



408 (12.6%) 
492 (15.1%) 
879 (27.0%) 
901 (27.7%) 
571 (17.6%) 
3.0 [1,7] 



1,040 (32.0%) 
535 

179 

152 



751 (23.1%) 

715 
36 

328 (10.1%) 
106 



43 

248 (7.6%) 
145 

35 

10 

186 (5.7%) 
160 

22 



1,132 (16.1%) 
1,298 (18.4%) 
1,821 (25.8%) 
1,914 (27.1%) 
905 (12.8%) 
7.0 [3,12] 



1,241 (38.2%) 2,700 (38.2%) 



2,627 (37.2%) 
404 

615 



441 

1,598 (22.6%) 

1,490 
108 

789 (11.2%) 
125 

225 

166 

376 (5.3%) 
129 

82 

61 



I (6.9%) 



331 
128 



- Benign neoplasms (D10 to D36) 4 
Hospital mortality (%) N/A 
Five-year mortality (%) N/A 



27 

139 (2.0%) 
2,527 (35.7%) 



includes patients who died within two days of ICU discharge. 



to be alive if no death was recorded within five years of 
ICU discharge in the death registry. 

Analysis 

The primary outcome was survival time after ICU dis- 
charge. A Kaplan-Meier survival curve showing the 
estimated proportion of post-ICU patients alive at each 
time point was plotted over the five-year follow-up 
period. To quantify the potential impact of differential 
mortality following year five, we fitted an exponential 
curve to the annual risk of death from years two to five. 
From year eight onwards, the extrapolated post-ICU 
mortality differed by less than 1% from that in the gen- 
eral population matched for age and sex. Therefore, 
mortality from year eight was assumed to be equal to 
that in the general Thai population which we took from 
standard mortality life tables [34] . In the base case analysis 
we assumed that in years six and seven post-discharge the 
relative risk of death for former ICU patients compared to 
the general population was the same as that observed in 
year five (relative risk of 1.35). Since this assumption may 
underestimate post-ICU survival, we performed a sensitiv- 
ity analysis in which we assumed that mortality rates in 
years six and seven post-discharge were the same as those 
in the general population matched for age and sex (that is, 
a relative risk of one). The life expectancy (LE) amongst 
patients discharged from the ICU was taken as the area 
under the lifetime survival curve. The LE was calculated 
for the overall ICU population and for each age group. 

Survival analysis stratified according to major diagnostic 
categories for ICU admission from the International Stat- 
istical Classification of Diseases, 10 th revision (ICD10) [35] 
was also performed. The diagnostic groups were: a.) 
Cerebrovascular diseases (ICD10 codes: 160 to 169); b.) 
Cardiovascular diseases except Cerebrovascular diseases 
(ICD10 codes: 100 to 199 except 160 to 169); c.) Digestive 
system (ICD10 codes: K00 to K93); d.) Neoplasms (ICD10 
codes: COO to D48); e.) Respiratory system (ICD10 codes: 
J00 to J99); and f.) Injury, poisoning and other external 
causes (ICD10 codes: S00 to T98). The analysis was 
performed using STATA 11 (Stata Corp., College Station, 
TX, USA) and Microsoft Excel 2010, (Redmond, WA, 
USA). 

We also performed a systematic search in order to re- 
view the related literature investigating long-term sur- 
vival amongst post-ICU patients in low and middle 
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Table 2 Demographic data for post-ICU patients 



Post-ICU patients dying within 
five years of ICU discharge 

N = 2,527 



Post-ICU patients alive five 
years after ICU discharge 

N = 4,543 



Age (Med [IQR]) 64.6 [52.6, 74.0] 

Age group (number of patients) 

15 to 29 127 (5.0%) 

30 to 44 256 (10.1%) 

45 to 59 618 (24.5%) 

60 to 74 949 (37.6%) 

>75 577 (22.8%) 

Length of hospital stay 8.0 [4,15] 

(Med [IQR]) 

Sex (% female) 1,041 (41.2%) 
ICD10 (Jop five, by %) 

Circulatory system (I00 to I99) 1,023 (40.5%) 

- Cerebrovascular diseases (I60 to I69) 337 

- Other forms of heart disease (I30 to I52) 225 

- Ischemic heart diseases (I20 to I25) 216 

- Chronic rheumatic heart diseases (I05 to I09) 1 14 
Neoplasms (COO to D48) 324 (1 2.8%) 

- Malignant neoplasms (COO to C99) 249 

- Neoplasms of uncertain or unknown behaviour (D37 to D48) 70 

- Benign neoplasms (D10 to D36) 5 
Digestive system (K00 to K93) 321 (12.7%) 

- Other diseases of the digestive system (K90 to K93) 86 

- Diseases of oesophagus, stomach and duodenum (K20 to K31) 67 

- Disorders of gallbladder, biliary tract and pancreas (K80 to K87) 60 
Injury, poison and other external causes (S00 to T98) 215 (8.5%) 

- Injury (SOOtoTH) 182 

- Poisoning and certain other consequences 33 
of external causes (T15 to T98) 

Respiratory system (J00 to J99) 1 90 (7.5%) 

- Influenza and pneumonia (J09 to J 18) 75 

- Chronic lower respiratory diseases (J40 to J47) 58 

- Suppurative and necrotic conditions 15 
of lower respiratory tract (J85 to J86) 



47.46 [32.6, 62.2] 

1,005 (22.1%) 
1,042 (22.9%) 
1,203 (26.5%) 
965 (21.2%) 
328 (7.2%) 
7.0 [3,11] 

1,659 (36.5%) 

1,604 (35.3%) 

549 

390 

188 

327 

164 (3.6%) 

82 

58 

22 

468 (10.3%) 

139 

99 

65 

1,383 (30.4%) 

1,308 

75 

186 (4.1%) 

54 

46 

24 



income countries. The search strategy and inclusion cri- 
teria are provided in Additional file 1. 

Results 

There were 11,985 adult patients admitted to an ICU in 
Sappasithiprasong Hospital between 2004 and 2005 and 
discharged before 1 January 2006. After verifying the 
hospital dataset, 1,664 patients (13.9%) were not eligible 
for this analysis due to missing data, incomplete or in- 
valid ID numbers, or coming from other countries (and 



therefore not recorded in the regional mortality records). 
As a result, 10,321 patients were included in this 
analysis. There were 7,223 patients who were discharged 
alive from the ICU; 153 of these died within two days 
and were counted as ICU deaths. Of these 61 (39.9%) 
died at the hospital and 92 (60.1%) died at home. We 
studied five-year survival in the remaining 7,070 patients 
who were discharged from the ICU alive (31.5% ICU 
fatality rate). Patient-flow is shown in Figure 1. Demo- 
graphics and ICD10 codes in the group of patients who 
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Number at risk 



General population Post-ICU patients 



2 3 
Survival time, years 



7,070 5,606 5,236 4,972 4,731 4,543 

Figure 2 Kaplan-Meier survival estimates for post-ICU patients and survival for the general population in Thailand. 



were discharged alive differed slightly from those in pa- 
tients who died within the ICU (Table 1). In contrast, 
the group of post-ICU patients who died within five 
years of discharge tended to be older and much less 
likely to have ICD10 codes relating to injury, poison and 
other external causes than those who were alive after 
five years (Table 2). Of the 7,070 patients who were 
discharged alive, 79.3% survived the first year, then 
74.0%, 70.3%, 66.9% and 64.2% survived each subsequent 
year (Figure 2). Overall, within five years, 2,527 of the 
original 7,070 (35.7%) had died. The Kaplan-Meier sur- 
vival curve indicated a greatly elevated risk of death in 
the first year post-ICU discharge, with 9.5% (241 of 



2,527) of all deaths occurring within seven days. Of 
these, 67 (27.8%) died at the hospital and 174 (72.2%) 
died at home. Of the total 2,527 deaths over five years, 
21.4% (540) occurred within the first month, 35.5% (896) 
within three months, 46.0% (1,162) within six months, 
and 57.9% (1,464) within the first year. Mortality rates 
became close to those in the general population between 
years two to five after ICU discharge. The annual risks 
of death for each year during these periods were 0.21, 
0.07, 0.05, 0.05 and 0.04, respectively. In the general 
population, the annual risk of death (matched for age 
and sex with those discharged alive from the ICU) was 
0.03. Overall, half of the post-ICU patients would have 



General population Post-ICU patients 
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I ° 
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Figure 3 The extrapolated lifetime survival curve of post-ICU patients and survival for the general population. 
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Table 3 Life expectancy among post-ICU patients 



adjusted for age and sex 


Age 




Life expectancy (LE) 


group 
(Years) 


tBase case 


^Sensitivity analysis 


OGeneral population 


15 to 29 


43.16 


43.80 


48.97 


30 to 44 


28.87 


29.56 


36.01 


45 to 59 


16.41 


16.98 


24.03 


60 to 74 


8.72 


8.96 


13.66 


>75 


4.75 


4.61 


6.36 


Overall 


18.26 


18.56 


25.15 



tBase case analysis: we assumed that from year five to year seven post-discharge 
the relative risk of mortality amongst post-ICU patients was the same as that in 
year five. From year eight onwards, the relative risk was assumed to be 1. 
^Sensitivity analysis: we assumed the mortality rates among the post-ICU 
patients after five years post-discharge to be the same as those in the general 
population matched for age and sex. 

OGeneral population: we applied the mortality rate of the Thai general 
population age- and sex-matched to all post-ICU patients since ICU discharge. 



been expected to die within 12.1 years of ICU discharge 
under base case assumptions. In a sample of the general 
population matched for age and sex, half would be 
expected to die within 21.2 years (Figure 3). The LE 
under base case assumptions and the sensitivity analysis 
are presented in Table 3. The overall LE amongst post- 
ICU patients was estimated to be 18.3 years while the 
LE in the general population (matched for age and sex) 
was estimated to be 25.2 years. The sensitivity analysis 
yielded estimates of LE 1.6% higher than under the base 
case assumption. 

Survival categorised by specific diagnostic categories is 
presented in Figure 4 and Table 4. The lowest survival 
within six months of discharge was seen in patients ad- 
mitted with cerebrovascular disease, though at five years 
post-discharge the lowest survival (33.6%) was seen in 
patients with neoplasms. The highest survival rates were 
consistently seen in those admitted due to injury, poi- 
soning or other external causes; 86.5% of patients in this 
group survived at least five years. 




Cerebrovascular disease 
Heart diseases, other forms 
Neoplasms 



Digestive system 

Injury, poison & external c, 

Respiratory 



1 



2 3 
Survival time, years 



Figure 4 Kaplan-Meier survival estimates for post-ICU patients 
stratified by diagnostic group. 



In the systematic search for studies of long-term sur- 
vival amongst post-ICU patients in low and middle 
income countries, we found only one study evaluating 
post-ICU survival across all diagnostic categories [26]. 
This study followed up 187 post-ICU patients in 
Malaysia for two years. It was reported that 97 of 105 
post-ICU patients (92.4%) who responded to a question- 
naire survived for two years. However, the high loss to 
follow-up in this study (43.8%, 82 from 187) makes 
interpretation of these findings difficult. 

Discussion 

This study found that post-ICU patients had a substan- 
tially higher mortality rate (and substantially reduced 
LE) compared to the general population, with most of 
the difference seen in the first year post-discharge. Over- 
all, the LE among the post-ICU patients was estimated 
to be seven years lower than in the general population 
and the number of life years gained from preventing one 
ICU death was found to be about two-thirds that from 
preventing one death in the general population (matched 
for age and sex). 

Results from this study are broadly consistent with 
those from previous studies conducted elsewhere in 
high-income countries [2,13,14,16-18,36-38]. Our esti- 
mate that cumulative mortality over the five years was 
35.7% (or 2.5 times higher than in an age- and 
sex-matched general population) is slightly higher but 
comparable with estimates from previous studies which 
found that the five years cumulative mortality rate 
ranged from 17.9 to 33.5% [2,13,14,16-18,36-38]. Our 
estimate of the risk of death in year five, 0.04, is at the 
upper end of the range estimated in studies conducted 
in high-income countries (0.01 to 0.04) [14,36,37]. The 
mortality rates among post-ICU patients in our study 
were high in the first 12 months, then decreased rapidly, 
and were projected to closely approximate those of the 
general population by year eight post-ICU discharge. 
Studies conducted in Finland, Norway and Scotland 
[13,36,37] also demonstrated substantially greater risk of 
death during the first year, but these became similar to 
the general population within one to four years. On the 
other hand, studies conducted in the United Kingdom 
[16] and Australia [38] found that the mortality rate 
amongst former ICU patients was higher than the gen- 
eral population over a 5-year and 15-year follow-up 
period, respectively. 

There are several possible reasons for differences in 
the time for post-ICU mortality rates to approach those 
in the general population. Firstly, there was considerable 
variation between the studies in the frequency of differ- 
ent diagnostic categories. Our study had a relatively high 
proportion of patients with ICD10 codes relating to in- 
jury, poisoning and other external causes (23% compared 
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Table 4 Comparison of survival 1-5 years after ICU discharged by age and diagnostic group 

Time of follow-up At ICU 1 year 2 year 3 year 4 year 5 year 

discharge 

Number of patients at each follow up time 7,070 5,606 5,236 4,972 4,730 4,543 

Age (median, [IQR]) 54.5 [38.2, 67.8] 51 .4 [35.2, 65.6] 50.5 [34.2, 64.8] 49.5 [33.8, 63.8] 48.5 [33.0, 63.0] 47.5 [3: 

Length of hospital stay 7.0 [3,12] 7.0 [3,1 1] 7.0 [3,1 1] 7.0 [3,1 1] 7.0 [3,1 1] 7.0 [3,1 

Sex (% female) 38.2% 37.6% 37.3% 37.2% 36.7% 36.5% 



Age group 



15 to 29 


100.0% 


93.0% 


30 to 44 


100.0% 


88.4% 


45 to 59 


100.0% 


80.2% 


60 to 74 


100.0% 


70.7% 


>75 


100.0% 


65.4% 


Diagnostic group 






Heart diseases, other forms (I00 to I99 
except I60 to I69) 


100.0% 


83.0% 


Cerebrovascular diseases (I60 to I69) 


100.0% 


62.1% 


Injury, poison and other external causes 
(S00 to T98) 


100.0% 


92.6% 


Digestive system (K00 to K93) 


100.0% 


78.2% 


Respiratory system (J00 to J99) 


100.0% 


69.1% 


Neoplasms (COO to D48) 


100.0% 


51.4% 



to a range of 7 to 15% in other studies) [18,36-38]. Con- 
versely, there was a low proportion of patients with 
ICD10 codes relating to the respiratory system (5% com- 
pared with a range of 8 to 36%) [13,36,37]. Figure 4 sug- 
gests that these differences are likely to be associated 
with both a shorter period for post-ICU mortality to ap- 
proach that in the general population and a relatively 
high five-year post-ICU survival rate. 

Quality of care in different settings [39,40] is another 
possible factor that could impact on long-term survival 
rates. Higher quality of care should reduce ICU mortal- 
ity, but could potentially either increase or decrease the 
long-term survival in patients discharged alive from 
ICU. The latter could occur if higher quality of care pre- 
vents ICU deaths in patients with poor long-term prog- 
nosis (where some of these patients would have died in 
the ICU if in lower quality of care settings). Quantifying 
such competing effects is challenging, but important for 
evaluating the cost-effectiveness of interventions to 
improve quality of ICU care in low and middle income 
countries. 

Currently, however, there are few studies of long-term 
survival following ICU stays in lower and middle income 
countries. While the systematic search identified a 
small number of studies evaluating long-term survival 
following ICU discharge in specific diagnostic categor- 
ies (liver transplants, myocardial infarction, metastatic 
solid cancer, chronic obstructive pulmonary disease) 



2.6, 62.2] 
1] 



91.8% 


90.7% 


89.8% 


88.8% 


85.1% 


83.1% 


81.8% 


80.3% 


75.0% 


71.4% 


68.4% 


66.1% 


64.5% 


58.9% 


53.7% 


50.4% 


54.6% 


48.5% 


41.9% 


36.2% 


76.9% 


72.0% 


67.9% 


63.7% 


55.9% 


52.5% 


49.3% 


46.5% 


90.9% 


89.3% 


87.4% 


86.5% 


71.9% 


67.7% 


62.9% 


59.3% 


62.0% 


57.2% 


52.9% 


43.6% 


42.4% 


38.1% 


35.5% 


33.6% 



[41-45], long-term follow-up of representative ICU cohorts 
was lacking. 

Our analysis accounted for the common practice in 
Southeast Asia of discharging moribund patients to die 
at home by classifying deaths occurring within two days 
of discharge as ICU deaths. The two-day cut-off was 
chosen because post-ICU mortality showed a clear spike 
on day two post-discharge (with 116 deaths, or 1.12% of 
total ICU patients) but showed a gradual decline from 
day three (48 (0.47%), 46 (0.45%), 36 (0.35%), 28 (0.27%) 
and 29 (0.28%) for days three to seven, respectively). 
This resulted in only slightly higher ICU mortality than 
would have been obtained had we only considered deaths 
occurring during the admission (31.5% versus 30.0% mor- 
tality, or 153 more deaths), and consequently, slightly lower 
cumulative five-year mortality amongst the non-ICU deaths 
(37.1% versus 35.7%). 

The mortality rates during years six and seven post-ICU 
discharge are likely to be somewhat lower than assumed 
in the base case (which assumed the same relative risk for 
death as in year five), but somewhat higher than assumed 
in the sensitivity analysis (which assumed a relative risk of 
one). However, these two assumptions yielded estimates 
of LE that differed by less than 2% (Table 3) indicating that 
improved estimates of mortality in years six and seven 
would have negligible impact on the results. 

Interestingly, among individuals over 75 years of age, 
the mortality rate was higher in the post-ICU group than 
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in the general population in the first two years, but 
lower in the following years, resulting in a slightly longer 
LE than the general population. This might be explained 
by the possibility that these patients are on average 
healthier than the general population, having survived 
their ICU admission. 

Limitations 

This study has several limitations. Data from a single re- 
gional hospital may not be representative of the national 
population due to differences in patient characteristics 
and quality of hospital care. However, similar regional 
hospitals provide care to most of the population in 
Thailand and the large population (n > 7,000) and long- 
term follow-up strengthen our findings. Nonetheless, 
had resources permitted, this study could have been 
improved (and its external validity strengthened) by 
collecting data from multiple sites across Thailand. A 
second limitation is that this study was based on retro- 
spective data, which were inevitably incomplete. More- 
over, as the regional death registry was used (not 
national data), it is possible that we have missed some 
deaths in patients who moved and died outside of the 
northeast region. Our analysis might, therefore, under- 
estimate mortality. However, any such bias is likely to be 
small as the five-year migration rate amongst the north- 
east Thai population was estimated to be 3.1% in 2000 
[46]. This rate is likely to be even lower in older age 
groups where most of the mortality occurs. Another 
limitation is the lack of a standardised measure of severity 
of illness. A standard severity score (such as Acute 
Physiology and Chronic Health Evaluation (APACHE) 
II) would have helped to inform comparisons of our 
findings with those from other studies, but such data 
are not routinely collected in ICUs in Thailand. Finally, 
this study would have been improved by the addition 
of Health Related Quality of Life (HRQOL) data to es- 
timate the quality adjusted life expectancy (QALE) 
amongst the post-ICU patients. Ideally, such HRQOL 
information would be obtained from a long-term cohort 
study in the local population; resources for this were 
not available to us. Given the range of the HRQOL between 
0.56 and 0.88 as shown in the literature [13,14,16,19] 
(all from high-income countries) the expected QALE 
of post-ICU patients would range from 10.2 to 16.1 
QALYs. Prospective collection of such quality of life 
data is an important area for future health economic 
research in developing countries. 

Conclusions 

This study represents one of the first attempts to esti- 
mate long-term post-ICU survival in a developing coun- 
try context. Post-ICU patients had higher mortality than 
members of the general population (matched for age 



and sex) over the five-year follow-up period. The esti- 
mated LE is useful for economic evaluations and should 
support decision-makers considering potential invest- 
ments in interventions that could prevent unnecessary 
deaths during ICU or hospital admissions. 

Key messages 

• Five-year mortality amongst post-ICU patients in 
Thailand was estimated to be 35.7%. This is about 
2.5 times higher than that in the general population 
(age and sex matched). 

• The risk of death was greatly elevated in the first 
year after ICU discharge and approached that in the 
general population in subsequent years. 

• The extrapolated lifetime survival indicated that 
post-ICU patients had 27.4% lower life expectancy 
than the general population (age and sex matched). 

• Patients admitted to the ICU as a result of injury, 
poisoning or other external causes had the lowest 
mortality rate over the five-year follow-up; patients 
with neoplasms had the highest. 

• Estimates of the number of life years gained from 
interventions preventing ICU deaths will aid 
policy-makers considering potential investments 
in this area. 

Additional file 



Additional file 1: Three main phrases used in the systematic 
literature search. 



Abbreviations 

DALY: Disability adjusted life year; HRQOL: Health-related quality of life; 

ICU: Intensive care unit; ID: Identification number; LE: Life expectancy; LY: Life 

year; QALE: Quality adjusted life expectancy; QALY: Quality adjusted life year. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

NL, BSC, YL, DL, NG and ND contributed to the study conception and design. 
MH, DL, SC and PT collected the data. NL and MH performed the data 
analysis. NL, BSC and YL wrote the draft. DL, MH, SC, PT, NG and ND critically 
revised the manuscript for important intellectual content. All authors read 
and approved the final manuscript. 

Acknowledgements 

This research was part of the Wellcome Trust-Mahidol University-Oxford 
Tropical Medicine Research Programme supported by the Wellcome Trust of 
Great Britain (089275/Z/09/Z). Ben Cooper was supported by The Oak 
Foundation and The Medical Research Council and Department for 
International Development [grant number MR/K006924/1], We are grateful to 
the staff of Sappasithiprasong Hospital and we would like to thank the 
infection control staff and Prapass Wannapinij for their technical assistance. 

Author details 

^ahidol-Oxford Tropical Medicine Research Unit, Faculty of Tropical 
Medicine, Mahidol University, Bangkok, Thailand. 2 School of Public Health, 
Queensland University of Technology, Brisbane, QLD, Australia. 3 Centre for 
Tropical Medicine, Nuffield Department of Clinical Medicine, University of 



Luangasanatip et al. Critical Care 2013, 17:R219 
http://ccforum.eom/content/1 7/5/R21 9 



Page 9 of 10 



Oxford, Oxford, United Kingdom, department of Tropical Hygiene, Faculty 
of Tropical Medicine, Mahidol University, Bangkok, Thailand, department of 
Medicine, Sappasithiprasong Hospital, Ubon Ratchatani, Thailand, 
department of Nursing, Sappasithiprasong Hospital, Ubon Ratchatani, 
Thailand, institute of Health and Biomedical Innovation, Queensland 
University of Technology, Brisbane, QLD, Australia. 

Received: 9 May 2013 Accepted: 5 August 2013 
Published: 3 October 2013 

References 

1. Kwizera A, Dunser M, Nakibuuka J: National intensive care unit bed 
capacity and ICU patient characteristics in a low income country. 

BMC Res Notes 2012, 5:475. 

2. Meynaar IA, Van Den Boogaard M, Tangkau PL, Dawson L, Sleeswijk Visser S, 
Bakker J: Long-term survival after ICU treatment. Minerva Anestesiol 2012, 
78:1324-1332. 

3. Harrison DA, Brandy AR, Rowan K: Case mix, outcome and length of stay 
for admissions to adult, general critical care units in England, Wales and 
Northern Ireland: the Intensive Care National Audit & Research Centre 
Case Mix Programme Database. Crit Care 2004, 9:S1-S13. 

4. Granja C, Teixeira-Pinto A, Costa-Pereira A: Quality of life after intensive care - 
evaluation with EQ-5D questionnaire. Intensive Care Med 2002, 28:898-907. 

5. Ratanarat R, Thanakittiwirun M, Vilaichone W, Thongyoo S, Permpikul C: 
Prediction of mortality by using the standard scoring systems in a medical 
intensive care unit in Thailand. J Med Assoc Thai 2005, 88:949-955. 

6. Khwannimit B, Bhurayanontachai R: The performance and customization 
of SAPS 3 admission score in a Thai medical intensive care unit. 
Intensive Care Med 2010, 36:342-346. 

7. Khwannimit B, Geater A: A comparison of APACHE II and SAPS II scoring 
systems in predicting hospital mortality in Thai adult intensive care 
units. J Med Assoc Thai 2007, 90:643-652. 

8. Levy MM, Dellinger RP, Townsend SR, Linde-Zwirble WT, Marshall JC, Bion J, 
Schorr C, Artigas A, Ramsay G, Beale R, Parker MM, Gerlach H, Reinhart K, 
Silva E, Harvey M, Regan S, Angus DC: The Surviving Sepsis Campaign: 
results of an international guideline-based performance improvement 
program targeting severe sepsis. Intensive Care Med 2010, 36:222-231. 

9. Masterton RG: Sepsis care bundles and clinicians. Intensive Care Med 2009, 
35:1149-1151. 

10. Chittawatanarat K, Pamorsinlapathum T: The impact of closed ICU model 
on mortality in general surgical intensive care unit. J Med Assoc Thai 
2009, 92:1627-1634. 

11. Hawe CS, Ellis KS, Cairns CJ, Longmate A: Reduction of ventilator- 
associated pneumonia: active versus passive guideline implementation. 
Intensive Care Med 2009, 35:1 1 80-1 1 86. 

12. Drummond MF, Sculpher MJ, Torrance GW, O'Brien BJ, Stoddart GL: Methods 
for the Economic Evaluation of Health Care Programmes. New York: Oxford 
University Press; 2005. 

13. Flaatten H, Kvale R: Survival and quality of life 12 years after ICU. A 
comparison with the general Norwegian population. Intensive Care Med 
2001,27:1005-1011. 

14. Graf J, Wagner J, Graf C, Koch KC, Janssens U: Five-year survival, quality of 
life, and individual costs of 303 consecutive medical intensive care 
patients - a cost-utility analysis. Crit Care Med 2005, 33:547-555. 

15. Kaarlola A, Tallgren M, Pettila' V: Long-term survival, quality of life, and 
quality-adjusted life-years among critically ill elderly patients. 

Crit Care Med 2006, 34:21 20-21 26. 

16. Cuthbertson BH, Roughton S, Jenkinson D, Maclennan G, Vale L: Quality of life 
in the five years after intensive care: a cohort study. Crit Care 2010, 14:R6. 

17. Strieker KH, Sailer S, Uehlinger DE, Rothen HU, Zuercher Zenklusen RM, Frick 
S: Quality of life 9 years after an intensive care unit stay: a long-term 
outcome study. J Crit Care 201 1, 26:379-387. 

18. Kaarlola A, Pettila V, Kekki P: Quality of life six years after intensive care. 
Intensive Care Med 2003, 29:1294-1299. 

19. Sacanella E, Perez-Castejon JM, Nicolas JM, Masanes F, Navarro M, Castro P, 
Lopez-Soto A: Functional status and quality of life 12 months after 
discharge from a medical ICU in healthy elderly patients: a prospective 
observational study. Crit Care 201 1, 15:R105. 

20. Fildissis G, Zidianakis V, Tsigou E, Koulenti D, Katostaras T, Economou A, 
Baltopoulos G: Quality of life outcome of critical care survivors eighteen 
months after discharge from intensive care. Croat Med J 2007, 48:814-821 . 



21 . Tabah A, Philippart F, Timsit JF, Willems V, Francais A, Leplege A, Carlet J, 
Bruel C, Misset B, Garrouste-Orgeas M: Quality of life in patients aged 80 
or over after ICU discharge. Crit Care 2010, 14:R2. 

22. Garcia Lizana F, Manzano Alonso JL, Saavedra Santana P: Mortality and 
quality of life of patients beyond 65 years one year after ICU discharge. 
Med Clin (Bare) 2001, 116:521-525. 

23. Garcia Lizana F, Peres Bota D, De Cubber M, Vincent JL: Long-term 
outcome in ICU patients: what about quality of life? Intensive Care Med 
2003, 29:1286-1293. 

24. Eddleston JM, White P, Guthrie E: Survival, morbidity, and quality of life 
after discharge from intensive care. Crit Care Med 2000, 28:2293-2299. 

25. Chelluri L, Pinsky MR, Donahoe MP, Grenvik A: Long-term outcome of 
critically ill elderly patients requiring intensive care. JAMA 1993, 
23-30:3119-3123. 

26. Miranda AF, Miranda S: Quality of life and longterm survival after 
intensive care discharge. Med J Malaysia 1991, 46:66-71. 

27. Jacobs CJ, van der Villet JA, van Roozendaal MT, van der Linden CJ: 
Mortality and quality of life after intensive care for critical illness. 
Intensive Care Med 1988, 14:217-220. 

28. Zaren B, Bergstrom R: Survival compared to the general population and 
changes in health status among intensive care patients. Acta Anaesthesiol 
Scand 1989, 33:6-12. 

29. Yinnon A, Zimran A, Hershko C: Quality of life and survival following 
intensive medical care. Q J Med 1989, 71:347-357. 

30. Tangcharoensathien V, Swasdiworn W, Jongudomsuk P, Srithamrongswat S, 
Patcharanarumol W, Prakongsai P, Thammathataree J: Universal Coverage 
Scheme in Thailand: Equity Outcomes and Future Agendas to Meet Challenges. 
Background Paper, 43. Geneva: World Health Report, WHO; 2010 [http:// 
www.who.int/healthsystems/topics/financing/healthreport/43ThaiFINAL.pdf] 

31. Haupt MT, Bekes CE, Brilli RJ, Carl LC, Gray AW, Jastremski MS, Naylor DF, 
Rudis M, Spevetz A, Wedel SK, Horst M, Task Force of the American College 
of Critical Care Medicine, Society of Critical Care Medicine: Guidelines on 
critical care services and personnel: recommendations based on a 
system of categorization of three levels of care. Crit Care Med 2003, 
31:2677-2683. 

32. Mahavanakul W, Nikerson EK, Srisomang P, Teparrukkul P, Lorvinitnun P, 
Wongyingsinn M, Chierakul W, Hongsuwan M, West TE, Day NP, 
Limmathurotsakul D, Peacock SJ: Feasibility of modified surviving sepsis 
campaign guidelines in a resource-restricted setting based on a cohort 
study of severe S. aureus sepsis. PLoS One 2012, 7:e29858. 

33. Kanoksil M, Jatapai A, Peacock SJ, Limmathurotsakul D: Epidemiology, 
microbiology and mortality associated with community-acquired 
bacteremia in northeast Thailand: a multicenter surveillance study. 
PLoS One 2013, 8:e54714. 

34. WHO: [Global Health Observatory Data Repository. Mortality and burden of 
disease (Life table)]. Geneva: World Health Organization; 2009 [http://apps. 
who.int/gho/data/view.main.61640] 

35. Karjalainen A, World Health Organization: International Statistical 
Classification of Diseases and Related Health Problems (ICD-10) in 
Occupational Health. Protection of the Human Environment Occupational and 
Environmental Health Series, Geneva, 1999. 10 th Revised edition. Geneva: World 
Health Organization; 2010. 

36. Niskanen M, Karl A, Halonen P: Five-year survival after intensive care - 
comparison of 12,180 patients with the general population. Finnish ICU 
Study Group. Crit Care Med 1 996, 24:1 962-1 967. 

37. Wright JC, Plenderleith L, Ridley SA: Long-term survival following intensive 
care: subgroup analysis and comparison with the general population. 
Anaesthesia 2003, 58:637-642. 

38. Williams TA, Dobb GJ, Finn JC, Knuiman MW, Geelhoed E, Lee KY, Webb SA: 
Determinants of long-term survival after intensive care. Crit Care Med 
2008, 36:1523-1530. 

39. Murthy S, Wunsch H: Clinical review: international comparisons in critical 
care - lessons learned. Crit Care 2012, 16:218. 

40. Wunsch H, Angus DC, Harrison DA, Linde-Zwirble WT, Rowan KM: 
Comparison of medical admissions to intensive care units in the 
United States and United Kingdom. Am J Respir Crit Care Med 201 1, 
183:1666-1673. 

41. Adiguzel N, Karakurt Z, Gungor G, Mogin O, Balci M, Salturk C, Kargin F, 
Takir HB, Guven A, Yarkin T: Management of kyphoscoliosis patients with 
respiratory failure in the intensive care unit and during long term follow 

up. Multidiscip Respir Med 201 2, 7:30. 



Luangasanatip et al. Critical Care 2013, 17:R219 
http://ccforum.eom/content/1 7/5/R21 9 



Page 10 of 10 



42. Subwongcharoen S, Treepongkaruna SA, Leelawat K, Ruksakul K: Long-term 
outcome of patients undergoing liver transplantation at Rajavithi 
Hospital, Thailand. J Med Assoc Thai 201 2, 95:1 292-1 296. 

43. Teixeira C, Cabral CR, Hass JS, Oliveira RP, Vargas MA, Freitas AP, Fleig AH, 
Treptow EC, Rizzotto Ml: Patients admitted to the ICU for acute 
exacerbation of COPD: two-year mortality and functional status. J Bras 
Pneumol 2011, 37:334-340. 

44. Caruso P, Ferreira AC, Laurienzo CE, Titton LN, Terabe DS, Carnieli DS, 
Deheinzelin D: Short- and long-term survival of patients with metastatic 
solid cancer admitted to the intensive care unit: prognostic factors. 
Eur J Cancer Care (Engl) 2010, 19:260-266. 

45. Ghadimi H, Bishehsari F, Allameh F, Bozorgi AH, Sodagari N, Karami N, 
Yaghoubi M, Emami S, Ghadimi F, Haerizadeh BF, Sanati A: Clinical 
characteristics, hospital morbidity and mortality, and up to 1-year 
follow-up events of acute myocardial infarction patients: the first report 
from Iran. Coron Artery Dis 2006, 17:585-591. 

46. Population and Housing Census 2000 in Thailand. Thailand: National 
Statistical Office. [http://popcensus.nso.go.th/quick_stat.php?yr=2543&rg=4] 



doi:1 0.1 186/cd 3036 

Cite this article as: Luangasanatip et al:. Long-term survival after 
intensive care unit discharge in Thailand: a retrospective study. Critical 
Care 2013 17:R219. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f~\ RiftMM i rpntral 

www.biomedcentral.com/submit momea central 



